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ADVANCE RESTRICTED REPORT 

EFFECT OF FABRIC DEFLECTION AT HIGH SPEEDS ON THE 
AERODYNAMIC CHARACTERISTICS OF THE HORIZONTAL 
TAIL- SURFACE OF AN SB2D-1 AIRPLANE 
By Carl F. Schueller and Peter F. Korycinski 


SUMMARY 


Results are presented of an investigation of a full- 
scale horizontal tail surface to determine the elevator- 
fabric deflection at high speeds and the aerodynamic 
effects of the fabric deflection. Two fabric-covered 
elevators, differing only in rib spacing, and a solid 
wooden elevator were tested. The first elevator had a 
rib spacing of approximately I 4 . inches. The second ele- 
vator had a rib spacing of approximately 8 inches, which 
is more nearly typical of the spacing currently used. 
Tests were carried to a maximum Mach number of 0.68 
except for model configurations for which the maximum 
allowable loads were reached at lower speeds. 

No appreciable fabric deflections occurred for the 
elevator with [(.-inch rib spacing. A maximum fabric bulge 
of 0.6 inch between ribs was measured for the elevator 
with 8 -inch rib spacing at. a Mach number of 0«55> an 
elevator angle of - 3*7 > and an angle of attack of 9 * 7 °* 
Local failures of the fabric attachment to the elevator 
ribs occurred. By moving the elevator vent holes from 
the vicinity of the trailing edge to the leading edge, 
the bulge was eliminated for these test conditions at 
the expense, however, of some increase in fabric depres- 
sion on the pressure side of the elevator. 

Marked increases in the elevator hinge-moment coef- 
ficients occurred as the test Mach number was increased. 
For the elevator with !+-inch rib spacing the hinge-moment 
parameter Cy, (rate of change of hinge-moment coef- 

ficient with elevator deflection) increased from a value 
at lew speed of -0.005 to a value of -0.009 at a Mach 
number of 0.68. The effect of fabric deflection for the 
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elevator with 6- inch rib spacing caused an additional 
adverse increment in hinge -moment coefficient as the 
speed was increased* the effectiveness of the elevator 
with Ip- inch rib spacing did not change appreciably with 
Mach number, As a result of fabric deflection, however, 
the effectiveness of the elevator with 8-inch rib spacing 
decreases sharply at Iviach numbers above 0,56, The adverse 
effect of fabric deflection on elevator hinge moment was 
decreased slightly by locating the vent holes in the 
leading edge rather than at the trailing edge of the 
elevator , 


INTRODUCTION 


Tests were made to determine the effects of elevator- 
fabric deflections at high speeds and of compressibility 
on the aerodynamic characteristics of a full-scale hori- 
zontal tail surface , The necessity of such an investi- 
gation has been demonstrated by the excessive and irregu- 
lar hinge momenta encountered during high-speed maneuvers 
and by numerous instances of control-surface failure on 
some of the more recent high-speed airplanes equipped 
with fabric-covered control surfaces. 

The present report giv-ss the results of tests on 
three elevators with identical external dimensions, Ele- 
vators 1 and 2 were fabric covered, had rib s pacings of 
approximately Ip and 8 inches, respectively, and were used 
to determine the fabric deflection. The third elevator 
was made of solid mahogany, included two rows of pressure 
orifices, and was used to determine the external pressure 
distribution. Each elevator was tested .through ranges of 
iviach number of 0,2 to 0,68, elevator angle of 9° to -9°, 
and stabilizer angle of 0° to 9° • Tests of any combi- 
nation of the aforementioned variables were limited by 
the maximum allowable loads. In addition, elevator 2 was 
tested with the original vents sealed and vents at the 
leading edge or at 10 percent elevator chord c to 

determine the effect of vent location on fabric deflection. 

The tests were conducted at the Langley l£— foot high- 
speed tunnel, Langley Memorial Aeronautical Laboratory, 
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COEFFICIENTS AND SYMBOLS 


drag coefficient (D/qS) 


hinge -moment coefficient (Il/qc^ b) 
lift coefficient (L/qS) 

/M 0 , 

pitching -moment coefficient I — ■■■■- ' ) 

\qsc» j 

drag of entire model 

hinge moment 

lift of entire model 


pitching moment about quarter -chord point of 
mean aerodynamic chord 

span, feet 

chord of horizontal tail surface except when 
designated otherwise by subscript, feet 

mean aerodynamic chord of hor izon-ta] -tail 

root-mean- square of elevator chord behind 
hinge line 

dy nami c pressure PV^ 

mass density of air, -slugs per cubic foot 

velocity, feet per second 

total model area, square feet 

Mach number 

pressure coefficient 

static pressure at any point 

angle of attack of stabilizer-, -degree-s- 

angle of elevator chord with respect "to 
stabilizer chord, degrees 

elevator-effectiveness parameter 
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Parameters ; 



The subscripts outside the parentheses represent the 
factors held constant during the measurement of the 
parameters . 

Subs cripts : 

b balance 

e elevator 

f flap (elevator + balance) 

i internal 

o free stream 


APPARATUS AND METHODS 


Test model.- The model was a full-scale left-hand 
horizontal t ail surface of the SB2D-1 airplane. The air- 
foil section used was based on the NACA 0020-bi| airfoil 
profile modified to have a maximum thickness ratio of 
10.7 percent and a straight taper behind the 63 -percent- 
chord station. Since a semispan model was used, it was 
necessary to locate the center line of the airplane in 
the plane of the tunnel wall to produce air-flo w con- 
ditions corresponding to those of' flight. This result 
was accomplished by adding a 20 . 5 -lnch stub wing to the 
tail surface. Figure 1 shows the model installed in the 
tunnel and figure 2 presents the physical characteristics 
of the model. 
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The stabilizer was metal covered and included a 
fabric seal to prevent air from flowing between the rear 
part of the stabilizer and the elevator leading edge. 

(See fig. J.) The model was not aerodynamic ally smooth. 
Brazier head rivets, access and inspection doors, and 
considerable waviness characterized the stabilizer surface. 


Each elevator had a modified elliptical nose and a 
straight taper behind the hinge line ending in a trailing- 
edge angle of 12°. The coordinates for the elevator con- 
tour are presented in figure 3 . Elevators 1 and 2 were 
of metal construction and fabric covered. Details of the 
rib locations are shown in figure Ip. The average rib 
soacirgs are approximately Ip and 8 inches for elevators 1 


and 2, respectively. 


Both elevators had one 


g-inch- 


diameter drain hole in each elevator panel on the lower 
surface approximately 1 inch from the elevator trailing 
edge. Since each elcuator panel had one hole, these 
openings also served as air vents. Fdevatcr 3 vras made 
cf solid mahogany and was dimensionally equal to ele- 
vators 1 and 2. Two rows of pressure orifices on the 
upper and lower surfaces, 33 and "JO inches from the longi- 
tudinal center line of the airnlane, were built into this 
elevator . 


Hinge -moment measurement . - Figure 5 is a schematic 
view of the model installation and illustrates the 
apparatus used to measure the elevator hinge moment. 

This sketch shows the extended elevator torque tube 
passing through a hole in the side of the tunnel and into 
two self -alining bearings mounted on the tunnel balance 
frame. The elevator hinge moment was transferred through 
the elevator torque tube to a 10-inch crank and then 
through a jackscrew to the scale platform. The jackscrew 
was also used to vary the elevator angle . The platform 
scale was attached rigidly to the tunnel balance frame 
and, since all ether related parts were also attached to 
the turne? balance frame, hinge-moment measurements could 
not interfere with the measurements of lift, drag, and 
pitching moment. ^11 force and moment data were recorded 
s imul t ane 01? s ly . 

Fabric-d eflection measuremen ts . - Stripes t— inch wide 

were painted chordwise on both surfaces of the fabric- 
covered elevators to permit the measurement of the fabric 
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deflection. (See fig. 1.) Solid stripes were painted 
over each rib and broken stripes midway between the ribs, 
on the upper and lower surfaces. These stripes are 
straight and parallel for the static condition (see fig . 6 ) 
but because of air loads the fabric deflects and the 
stripes bend. Cameras in fixed positions were provided 
to photograph the elevator surfaces simultaneously and 
thus provide records of the fabric deflection. The 
deflection of the painted stripes was measured from 
enlargements of the photographs. 

Fabric- tension measurements . - The fabric tension for 
each eTevator panel was measured with an instrument 
designed by the Flight Research Division of the Laboratory. 
A detailed description of tne instrument and the technique 
of measurement are given in reference 1. The fabric 
tensions were aieasured before and after the tests to 
determine any change in fabric tension resulting from 
repeated stresses that were applied to the fabric during 
testing. Table I presents a summary of the measurements 
and indicates that the change in fabric tension for ele- 
vator 1 is within the accuracy of the measurements. 
Elevator 2 had a slightly lower fabric tension after 
testing, but this difference may be a temperature cr 
humidity effect. 

Pressu re measurements .- The pressure distribution 
over tEe" elevator was 'obtained with elevator 3 , which 
contained two rov-s of orifices. The external pressures 
over the upper surface of the stabilizer were obtained 
by the use of two pressure belts located at the 33 ~inch 
and 70 ”inch stations. AH stations were measured in 
inches from the longitudinal center line of the airplane. 

Two O.O^O-inch-diameter tubes were installed in ele- 
vators 1 and 2 at the 1 + 7 -inch and 97 " inch stations to 
measure the elevator internal pressure. 


TEST PROCEDURE 


The general procedure in conducting the tests was 
to set tne desired angle of attack and elevator angle at 
the beginning of each test. Dsta were then recorded at 
each of the following speeds; Mach number = 0.20, 0.35, 
0.1+5, O.pO, O. 55 , O.bO, O. 65 , and 0.68 or until the 
maximum allowable load on the tall surface was attained. 
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The stabilizer root angle remained fixed during the test. 
The elevator root angle was measured and recorded at each 
test point, since it varied slightly because of twist of 
the torque tube and deflection of the scale platform. 

The angles of attack and elevator angles are believed to 
be accurate within ±0.1°. 


REDUCTION OP DATA 


Pc-rce data.- The lift, drag, and pitching -moment 
coefficients presented in this report .are based on the 
wing area of the comnlete model (see fig. 2) including 
the stub wing. All data were taken with the elevator 
seal in, the elevator -vents at the trailing edge, and 
the trim tab neutral, unless specified otherwise. 

The force data were corrected for tunnel-wall 
effects by the use of the ref lection-plane theory given 
in reference 2. The model thickness was such a small 
part of the tunnel diameter that tunnel. bio ckage correc- 
tions were negligible. Since the elevator torque tube 
could twist and the scale platform deflect, the elevator 
angle changed with hinge moment. Calibrations of the 
twist of the elevator torque tube and the deflection of 
the scale platform with elevator hinge moment were used 
to correct the indicated elevator angles to actual angles. 
The corrected data were cross -plotted and the values at 
selected angles of attack and elevator angle were then 
plotted against Mach number. Since a large part of the 
data presented is plotted against Mach number, figure 7 
has been included, to show the average dynamic pressures 
and the average Reynolds numbers corresponding to the 
test Mach numbers. The Reynolds number is based on the 
assumed mean aerodynamic chord of Ij-.l+l feet. It should 
be mentioned that the changes which occur with speed are 
not pure Mach number effects out include effects due to 
distortion of the model under load. The effects shown 
therefore apply only to the particular combination of 
dynamic pressure and Mach number tested herein. The 
results, however, are plotted against Mach number, and 
the dynamic pressure at any Mach number may De obtained 
from figure 7* 

Fabric deflection.- A special film viewer was used 
to enlarge the photographic negatives of the elevator 
surfaces. Vertical scales were attached to the elevator 
surfaces at each broken stripe and photographed for all 
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model configurations to obtain films of the static condition 
(zero deflection). A quantitative measure of the fabric 
deflection was obtained by comparing a photograph for the 
static condition (zero deflection) with one made during 
a test. The displacement of any stripe was then measured 
and recorded. 


RESULTS AND DISCUSSION 
Fabric Deflection 


El evator 1 . - Figure 8 is a photograph of the fabric 
deflection on the upper surface of elevator 1 (Ip-inch rib 
spacing) at a = 0°, 6 = JLp . 2° , and M = 0.66. The fabric 

deflection 3s not appreciable at any point along the ele- 
vator except for a small bulge occurring near the inboard 
hinge. No other photographs are shown for this elevator 
because the fabric deflection was not serious during any 
of the tests with this elevator. 

Ele va t or 2 .- Figure 9 i 3 a photograph of the fabric 
deflection of "'both surfaces of elevator 2 (6-inch rib 
spacing) at a = 0°, 5 = 3.3°, and M = O. 33 . Consid^ 

enable bulge occurred on the top surface behind the hinge 
line. This bulge changed to depression on the rear part 
of the elevator. Since the fabric was sewed to the ele- 
vator ribs, the solid' stripes should show no deflection. 

A number of solid stripes, however, are deflected. (See 
fig. 9(a).) Deflection of the solid stripes indicates 
failure of the fabric attachment at these points and is 
the beginning of a condition that would result in complete 
failure of the surface if the air loads were increased. 
Figure 10 is a photograph of the fabric def lection at 
a = 3°> 6 = -O. 7 0 , and M = 0.62. In general, the 

up^er surface is slightly bulged just behind the hinge 
line. The most serious bulge occurs at the inboard hinge 
and is believed to be a result of weak fabric attachment 
around tne hinge-pocket cut-out rather than of local- 
suction peak pressures. Figure 10 also shows the fabric 
pulled away from the ribs. (Note solid stripes.) 

Figures 11, 12, and 13 are plots showing the vari- 
ation of the fabric deflection with percent of elevator 
chord and include only the portion of the elevator chord 
for which the fabric was deflected; therefore only the 
end points of zero deflection are shown. These data are 
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for a representative spariwise station (77.1-inch station). 
Figure 11 presents the fabric deflection for various Mach 
numbers at elevator angles averaging -1.5° and a-- 0°. 
Although the elevator angle changed slightly (0.5°) with 
speed, it is- apparent' from figure 11 that increasing the 
speed increases the fabric deflection. The maximum 
fabric deflection of the lower surface has been plotted 
separately for each speed in figure lip and shows that the 
fabric deflection .varies linearly with dynamic pressure 

for elevator 2 at a - 0 D and 5 “ -1 . 5° • Figure 12 
presents the fabric deflection for various elevator angles 
at a = 0° and M = 0.55* Increasing the elevator angle 
negatively Increases the fabric bulge on the lower surface 
while the deflection of the upper surface changes from 
bulge to .depression. Figure 1J presents the fabric 
deflection for various angles of attack at M = 0-55 
and M = 0.$5,-. .The maximum fabric deflection attained 
during these tests was a 0.6-inch bulge on the lower sur- 
face of elevator 2 at a = 7*9° > 6 = -5«7°> and M = 0.55 

(fig. 13). 

Pressure distribution.- Fabric bulge tends to be 
unstable since it causes an increase in the local negative 
pressures, which in turn cause an increase in the fabric 
bulge. This adverse effect is magnified at high speeds 
and has been observed to result in failure of the fabric 
attachments to the elevator structure and finally complete 
failure of the fabric. An irivesitgation to determine the 
external pressure distribution over the elevators and the 
location of air vents that would result in negative inter- 
nal pressures and a reduction in elevator fabric bulge, 
was therefore undertaken. Flevator 5, which was dimen- 
tionally equal to elevators 1 and 2, was tested for this 
purpose. 

The tests of elevator 3 indicated that the pressure 
distributions at the JJ-inch and 70 -inch stations were 
very nearly the same on the elevator but differed appre- 
ciably near the stabilizer leading edge. This difference 
may be attributed to surface irregularities. Removing 
the elevator seai increased slightly the positive pres- 
sures on the lower surface of the elevator balance area 
for positive elevator angles. but had little effect on 
the pressures over the other portions of the elevator. 

The external pressure distributions at M = 0.20 and 
the 33“i nc h station for three elevator angles, are pre- 
sented in figures 15 , l6, and 17 for a = 0°, 5°> and 
6°, respectively. These figures indicate that vents in 


10 


NACA ARR No. L5F01a 


both the upper and lower surfaces at the elevator leading 
edge or at approximately 10 percent of the elevator chord 
behind the hinge line- c e will result in negative average 
internal pressures. Although the average pressures at 
these points are not the most negative, they are consist- 
ently negative and are least affected by changes in ele- 
vator angle. 

Effect of various vent locations for elevator 2 .- 
The original elevator vents were sealed, and the effect 
on internal pressure and fabric deflection of the elevator 
as a result of locating a vent in each elevator panel at 
the leading edge or at 10 percent of c e on the upper 
and lower surfaces was determined. The variation of the 
internal pressure of the elevator with elevator angle is 
presented in figure l8 for three vent configurations. A 
comparison Of these curves shows that the average internal 
pressure coefficient for the original vent configu- 

ration is changed from -0.02 to'- 0.08 for vents at 10 per- 
cent of c e and to - 0.23 for vents at the elevator leading 

edge. 

Figure 19 presents quantitative comparisons of the 
fabric deflection along the elevator chord for the three 
vent locations at a = 0° , 6 = J4. 0 , and M ~ 0.55* The 

maximum bulge on the upper surface is reduced from 
O.ij, inch for the original vent configuration to 0.2 inch 
by using vents at 10 percent of c e and to 0 . 26 -inch 
depression with vents at the elevator leading edge. No 
measurements were made for the lower surface with vents 
at 10 percent of c e but visual observation indicated 

that the fabric was depressed for - this condition, as 
would be expected. 

Figure 20 is a photograph of the fabric deflection 
with vents at the elevator leading edge for a. = 0°, 

6 = l+°, and M = 0.55* Comparison of figures 20 and, 9 
shows that the upper-surface bulge is changed to depres- 
sion with vents at the elevator leading edge/except for 
a small local bulge at the upper surface near the inboard 
hinge. It is apparent from figures 19 and 20 that loca- 
tion of the vents at the elevator leading edge will 
eliminate the danger of the fabric pulling loose from q 
the ribs and failing for elevator angles up to at least 4 . 
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Aerodynami c Character! sties 

Basic data.- The lift, drag, pi tching -moment , and 
hi nge -moment coefficients are plotted against Mach number 
in figures 21 and 22 for elevators 1 and 2, respectively. 
These data are presented for a = 0°,-3°, 6°, and 9 °> and 
a maximum range of 5 = 6° to - 9 ° • The fact that the Ct, 

C m , and Ch e values for a = 0° and 5=0° are not 

zero is due either to asymmetry of the model or to small 
errors in setting the neutral angle of the stabilizer, 
elevator, or trimtab. 

The increase in the lift or pitching-moment coeffi- 
cient with Mach number for both elevators is less than the 

increase predicted by Glauert's factor (l - M^) • 

This difference is believed to be a result of the twisting 
of the stabilizer and elevator toward their zero angles 
due to the aerodynamic loads. The drag-coefficient 
curves show the usual large increases in the vicinity of 
the critical Mach numbers. The data show pronounced 
increases in elevator hinge-moment coefficient with 
increasing Mach number. Integration of the elevator 
pressure-distribution diagrams showed increases of approxi 
'mately the same magnitude. The rate of increase of hinge 
moment with Mach number was more than twice as great as 
would be nredicted by the use of the Glauert factor.. In 
general, the changes in the aerodynamic coefficients with 
Mach number were gradual and consistent. The critical 
Macn numbers for the various model configurations could 
not be greatly exceeded in these tests and consequently 
the abrupt and drastic changes that have been noted in 
tests of small models at high supercritical speeds were 
not encountered. The only indication of such changes 
occurred for elevator 2 near the highest test speeds. 

(See figs. 23 and 2^..) 

Variation of lift with a and 6 .- The variation 
of the lift-curve-slope parameter CL tt with Mach number 

for elevators 1 and 2 is presented in figure 23. The 
slopes were measured from plots of Cp, against a in 

the region of a = 0° to 3 ° • The values at low speed 
of Ci, a are considerably lower than the value estimated 

from two-dimensional data for a wing of this section and 
plan form, principally because of the discontinuity of 
the airfoil contour at the stabilizer trailing edge and 
the elevator leading edge. 
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The change In with Mach number for elevators 1 

and 2 is shown in figure 2 1). and indicates good agreement 
between the two elevators at low speeds. For elevator 1, 
Ct,~ increases gradually with speed. At the maximum Mach 

number attainable (0.68) 1 , the data indicate that Ci 
was beginning to decrease. The variation of 

Mach number for elevator 2 indicates a marked adverse 
effect of fabric deflection at Mach numbers above 0.60. 


with 


Elevator effectiveness.- The variation of the elevator- 

effectiveness parameter with Mach number is shown in 
figure 25 for elevators 1 and 2. The curves show a small 
decrease in effectiveness as the speed is increased from 
M = 0.20 to M = 0.1+5* Beyond Mach numbers of O.I 4.5 the 
effectiveness for both elevators increases. The effec- 
tiveness of elevator 1 is still increas.ing at M = 0.68 
but falls off sharply beyond values of M = O .56 for 
elevator 2. Since elevator 1 had negligible fabric 
deflection and elevator 2 had serious fabric deflection, 
the adverse effect shown is a result of .fabric deflection. 
The theoretical effectiveness for a plain flap hinged at 
its leading edge has been computed according to the thin- 
airfoil theory (see reference 3) and is shown in figure 25 . 
The actual elevator effectiveness is approximately r J\ per- 
cent of the theoretical value for a plain flap at moderate 
speeds . 

Pitching moment.- The variation of the pitching- 
momcnt parameter dc m /8Cp with Mach number is shown in 
figure 26 for elevators 1 and 2. The value of this 
parameter is approximately the position of the aerodynamic 
center of the airfoil with respect to the quarter-chord 
point of the assumed mean aerodynamic chord (fig. 2). 

The change In the center-of-lif t position caused by ele- 
vator deflection is given by the parameter ( ^Crp/^CT,} a . 

The variation of this parameter with Mach number was 
about the same for both elevators; that is, the center 
of lift was shifted rearward. The change in the center- 
of-lift position caused by angle of attack is given by 
the parameter (dc Ttl/ ^Cp ) 5 • Increasing the Mach number 

caused a greater increase in this parameter for ele- 
vator 2 than for elevator 1, probably as a result of the 
fabric deflection on elevator 2. 
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Hing e mome nt.- The change in Ch a with Mach number 
is shown in figure 27 for elevators 1 and 2. In general, 
the agreement of the data for the two elevators is good, 
although an -almost constant small difference exists 
between the values for the two elevators. Small differ- 
ences in contour between the two elevators could cause 
this difference. The small low-speed, value of (-0.001) 

decreased about 70 percent between M - 0.20 and M = O.oO, 

The variation of • Cv^ with Mach number is shown in 

figure 28. Large increases in the negative values of 
0-* occurred with increasing speed for elevators 1 and 2. 

i-O 

The value of 


'h 5 


for elevator 1 ([(.-inch rib spacing) 


Increased from -0.005 to — 0.009 between M — 0.20 and 
M = 0.68. The difference between the low-speed values^ 
of Ch^ For the twc elevators is believed to be caused 

by minor physical differences- such as a small bump that 
existed on the upper surface of elevator 2. This bump 
was 5.5 percent of the elevator thickness, was located 
at 6.5 percent of the total elevator chord from the nose, 
and tapered to zero at the elevator leading edge and at 
the hinge line. Figure 28 also shows curves for elevators 
having zero and 100-percent aerodynamic balance. The 
curve for zero aerodynamic balance was calculated 
according to thin-airfoil theory (reference 7) for a 
plain flap, hinged at its leading edge. Elevator 1 had 
50 -percent aerodynamic balance at M = 0.20 but, because 
of the adverse Mach number effects, the balance was 
reduced to 3 percent at M = 0.63. The control forces 
required for such ar. elevator would thus approach those 
that would be obtained with an ordinary unbalanced flap, 
when it is assumed that the value of Cft for such a 
flap does not change with Mach number. In the absence 
of boundary- layer changes, it might logically be assumed 
that the elevator hinge moment would increase with speed 
according to Glauert's factor. The low-speed value has 

2 “F/2 

been increased according to this factor (1 - W~) 

and the data are plotted in f wure 2c. A comparison of the 

two curves shows that the rate cf increase in with 

Mach number is about double the rate of increase pre- 
dicted by Glauert’s factor. Elevator 2 had ^-percent 
aerodynamic balance at M = 0.20 but zero aerodynamic 
balance at M = 0.60. The increase in Chg is markedly 
greater for elevator 2 than for elevator 1 because 
of the adverse effect of fabric deflection. The 
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difference in the increases of C’ n g with Mach number 

for the two elevators appears to be an effect of fabric 
deflection, since fabric deflection was the principal 
difference between the two elevators. This difference 
is Plotted at the top of figure 28. The effect of fabric 
deflection on Cy,g was to cause an increase of -0.C02 

from M = 0.20 to M = 0,60. This increase was about 
[j.O percent of the low-speed value of Cy^ for the ele- 
vator tested. An increase of this magnitude would be 
still more serious for a highly balanced tail surface 
for which the initial Cy^ might be of the order of -0.001. 

Effect of vents on hinge moment .- As was shown in 

figure 19 , the fabric deflection varies with vent location. 
The best vent location from a consideration of safe fabric 
deflection was found to be at the elevator leading 
edge. Figure 29 shows the variation of. the hinge-moment 
coefficient with elevator angle, at M = 0 . 55» for the 
three vent, locations tested and with all vents sealed. 

The data presented in this figure show that the vents 
located at the elevator loading edge produced the smallest 
value of Cy-g. The beneficial effect of vents at the 

leading edge ( reduced internal pressure) is probably a 
result oi 1 changing the asymmetrical elevator-surface 
deflections, which resulted In appreciable elevator camber, 
to more symmetrical deflections with less camber. (See 
fig. 19 and reference iy. ) 

Effect of elevator seal .- A limited amount of data 

with the elevator seal removed was obtained over a small 
range of elevator angle at a = 0°. These data indicated 
no appreciable effect of the seal on the elevator hinge 
moment . 

Tab effect iveness . - The effectiveness of the elevator 

trim tab through the speed range is shown in figure 30 . 

The data for a. tab angle of -10° show a gradual decrease 
in effectiveness with increasing speed - the ACft 

decreasing from 0.01(1+ at M = 0.20 to 0.030 at M = O. 65 . 
The effectiveness remains approximately constant from 
M = 0.20 to M =0.60 for a tab angle of 8.9°. 


CONCLUSIONS 


An investigation of the characteristics of a full- 
scale horizontal tail with fabric-covered elevators at 
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Mach number’s ranging from 0.20 to 0.68 has led to the 
following conclusions: 

1. Elevator 1 (ip- inch rib spacing) had no appreciable 
fabric deflection in the speed range of these teste. 
Elevator 2 (8-inch rib spacing) had a maximum fabric 
bulge of 0.6 inch between ribs at a Mach- number of 0.55* 

an elevator angle of -3«7°> and an angle of attack of 9»7°« 
Local failures of the fabric attachment to the elevator 
ribs occurred with elevator 2. 

2. Vent holes located at the elevator leading edge 
on either side of the seal, rather than .in .the ir original 
position on the lower surface near the -trailing edge, 
eliminated the bulge for a moderate range of elevator 
angle at the expense, however, of some increase in iabric 
depression on the pressure side of the. elevator. 

3. Elevators 1 and 2 produced very large increases 
in elevator hinge-moment coefficient as the Mach number 

was increased. Ti.e value of Cv-. (the slope of the 

r -5 

curve of hinge moment against elevator deflection) for 
elevator 1 (ip-inch rib spacing) increased from -O.OO 5 
to -0.009 between Mach numbers of 0,20 to 0.68. 

Ip. . In addition to the increase in hinge moment 
resulting from increasing speed, elevator 2 ( 8- inch rib 
spacing) had an increase in hinge moment due to fabric 
deflection. The fabric deflection for this elevator 
increased the value of C-„ by -0.002 at a Mach 

number of 0.60. Fabric deflection also caused an early 
loss in elevator effectiveness. Elevator 1 maintained 
its effectiveness up to the maximum test speed (a Mach 
number of 0.68) but the effectiveness cf elevator 2 
decreased, sharply at Mach numbers above 0,56. 

5. The adverse effect of fabric deflection on ele- 
vator hinge moment was decreased slightly by locating 
the vent holes in the leading edge rather than at the 
trailing edge of the elevator. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 

Langley Field, Va. 
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ELEVATOR FABRIC TENSIONS 
[Accuracy of rue a sure me nt , -C.2 lb/in.] 




Tension 
( lb/ in . ) 

! 

Test 

condition 





Upper 

surface 

Lower 

surface 

i 


1 

| 

Max. 

J 

Min . 

! ! 

Max . 

Min. 

Elevator 1 

Before testing 

7.1+ 

6.3 

8.6 

6.8 

After testing 

7.6 

6.7 

8.8 

1 

n £ 

1 • c 

. .. .... . ........ 

Elevator 2 


Before testing 

i — 

| 7.2 
! 

5*2 

7-5 

6.8 

After testing 

1 

i 7.0 

1 

i 

6.0 

6.7 

6.0 
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Figure 1.- General view of SB2D-1 semispan horizontal tail 
installed in Langley 16-foot high-speed tunnel. 
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16.77 2223 



Root- mean-square of elevator chord behind hinge line 17.17 in. 

Area of stabilizer 25 2 2 sq in. 

Area of elevator I 90 5 sqm. committee fo« aeronautics 

Total area of horizontal tail including stub section . . . 5 741 sq in. 

Area of tab 12 9.5 sq in. 

Aspect ratio 4.0 

Figure 2 -General arrangement of the horizontal tail surface. 

(All dimensions shown are measured in the plane of the section and ore in inches.) FO 
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Fi g. 4 


!l 


86i 


*f 
«* '2 


. Lee djnji« dq .e of 


torque tube 



Denotes fabric 
covered metal 


ELEVATOR I 


ELEVATOR 2 
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FIGURE 4 . — RIB SPACING FOR THE TWO 
FABRIC - COVERED ELEVATORS. 



FIGURE 5.- SCHEMATIC VIEW OF THE TEST SETUP. 
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Fig. 6a, b 



(a) Upper surface. 



(b) 


Figure 6.- Static 


Lower surface, 
condition for elevator 2. 




Average dynamic pressure , q, Ib/sq ft 
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Fig. 7 
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Figure 7. -Variation of the average test 
dynamic pressure with te9t 


Reynolds number and 
Mach number. 


Average Reynolds number 



Figure 8.- Fabric deflection of upper surface 
(4-inch rib spacing). M = 0.66; a «= 0°; 
vents at trailing edge. 


of elevator 1 
8 » 4.2°; elevator 


crq 
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Fig. 9a, b 



(a) Upper surface. 



( b ) Lower surface . 

gure 9.- Fabric deflection of elevator 2 (8-inch rib spacing). 
M = 0.55; a = 0°; 8 = 3.3°; elevator seal removed; elevator 

vents at trailing edge. 
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Fig. 10a, b 



(a) Upper surface. 



(b) Lower surface. 

Figure 10.- Fabric deflection of elevator 2. M «= 0.62; 
a = 3°; $ = -0.7°; elevator vents at trailing edge. 
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Figure II . — The variation of the fabric deflection along the chord of elevator 2 at the 771-inch station for 
various Mach numbers, ct * 0°; vents on lower surface I Inch from trailing edge. (Positive deflections denote 
fabric bulge and negative deflections denote fabric depression.) 
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Elevotor-fobric deflection, in. 
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Figured —Concluded. 
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Elevator-fabric deflections, in<. 
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— Upper-surface fabric deflections 

— Lower-surface fabric deflections 
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Figure 12 . — The variation of the fabric deflection along the chord of elevator 2 at 771-inch station for various 


elevator angles. a»0 # ; M«0.55 ; vents on lower surface I inch from trailing edge. (Positive deflections 
denote fabric bulge and negative deflections denote fabric depression.) 
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Figure 12 — Concluded. 
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-Upper-surface fabric deflections 
Lower-surface fabric deflections 
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Figure 13. — The variation of the fabric deflection along the chord of elevator 2. at 771-inch station for various 
stabilizer angles. Vents on lower surface I inch from trailing edge. (Positive deflections denote fabric bulge and 
negative deflections denote fabric depression.) 
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Figure 14 . — Effect of speed on elevator- fabric deflection. 

Elevator 2 ; cc= 0° ; <f»-l.5 . 
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Fig. 15 



Figure 15 . — Pressure distribution of elevotor 3 for three elevator 
positions. oc = 0°; M=0.20; gap sealed ; 33-inch station. 


Pressure coefficient , 
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Fig. 16 



Figure 16. — Pressure distribution of elevator 3 for three elevator 
positions. a* 3°; gap sealed; 33-inch station; M=0.20. 
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Fig. 17 



Figure 17. — Pressure distribution of elevotor 3 for three elevator 
positions. <r«6°; M» 0.20 ; gap sealed; 33-inch station 
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Figure 18 . — Variation of the elevator internal - pressure coefficient 
with elevator position, a s 0°, M » 0.20;elevator 2. 
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(c) Vents - inch from elevator leading edge above and below fabric seal. 
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Figure 19. — The variation of the fabric deflection along the chord of elevator 2 at 51.5- inch station for three 
vent configurations. cc=0°; «f=4°; M=0.55. (Positive deflections denote fabric bulge and negative 
deflections denote fabric depression.) 
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(a) Upper surface. 



( b ) L owe r 

Figure 20.- Fabric deflection 
a = 0°; S = 4°; elevator 


surface . 

of elevator 2. M = 0.55 

vents at leading edge. 
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(a)cc=0°. (b)cc=3°. 

Figure 21. — Variation of the aerodynamic characteristics with Mach number for 
ranges of elevator angle and angle of attack • elevator /. 
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(c) cc = 6°. 


(d)oc=9°. 


Figure 2! . — Concluded. 
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Fig. 22a, b 



(a)cc=0°. 


(b)cc=3°. 


Figure 22. — Variation of the aerodynamic characteristics with Mach number 
for ranges of elevator angle and angle of attack ; elevotor 2. 
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Figure 22 . — Concluded. 
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Figure 23. — Variation of the lift parameter C, 

L a 

with Mach number for elevators I and 2 . 


i 


NACA ARR No. L5F01a 


Fig. 24a, b 



(a) Elevator I . a. 

(deg) 



(b) Elevator 2. 


Figure 24. Variation of the lift parameter 

C|_jf with Mach number for elevators I 
and^ 2 . 
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Figure 25 . — Effect of Mach number on elevator effectiveness 
for elevators I and 2\ C L s 0. 
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Figure 26. — Comparison of the pitching- moment parameters for 

elevators I and 2. 
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Figure 27 . — A comparison of the change in Choc with Mcid 1 
number for elevators I and 2; 6 s O°. 
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Fig. 28 



Figure 20 . — Variation of the hinge-moment parameter 
Chr with Mach number for elevators land 2 ; oc = 0° 
on 3°. 
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Fig. 29 
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Figure 29 . — Effect of elevator vent location on elevator 
hinge moment; cc=0°; M=0.55; elevator 2. 
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Figure 30 . — Effect of speed on trim -tab effectiveness, 
a =0°; 6 =0°. 
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